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[57] ABSTRACT

A method for i1dentifying cylinders in the case of a missing
or faulty phase signal during the idling operation of internal
combustion engines in which, an ignition spark is produced
with every crankshaft in every cylinder, and the specified
ignition-advance angle of the idling control for at least one
ignition of each cylinder is altered in every second crank-
shaft rotation. The reaction to the change in the ignition-
advance angle in the advance direction or toward a later
firing point is subsequently evaluated by detecting irregular
running or by monitoring the air pilot control value and by
undertaking an appropriate cylinder allocation.

9 Claims, 4 Drawing Sheets
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METHOD FOR CYLINDER
IDENTIFICATION IN AN INTERNAL
COMBUSTION ENGINE WHEN IDLING

FIELD OF THE INVENTION

The present invention relates to a method for identifying
cylinders in internal combustion engines.

BACKGROUND INFORMATION

For cylinder identification, i.e., to detect the compression
in one cylinder, for example, cylinder 1 of the engine, during
onc working cycle, the German Published Patent Applica-
tion No. 34 31 232 has already disclosed providing two
sensor wheels, the first sensor wheel turning at crankshaft
speed and the second sensor wheel turming at half of the
crankshaft speed, which is the speed of the camshaft. By
synchronizing the signals generated in the sensors assigned
to the sensor wheels, one is able to exactly identify which
stroke of the combustion cycle the engine is in. With this
method, when the sensor used to detect camshaft revolution
fails, one can no longer identify the exact position of the
piston of one cylinder during one combustion cycle because
of the missing phase signal.

SUMMARY OF THE INVENTION

In contrast, the method according to the present invention,
has the advantage of enabling a cylinder identification even
without the existence of phase signals. An additional advan-
tage to be considered 1s that, in particular, feedback controls
performed on individual cylinders, such as a cylinder-
selective injection or a cylinder-selective knock control, can
be continued even when there is a phase-sensor error. Last
of all, it 1s advantageous that safety measures for an opera-
tion under emergency conditions, such as a late ignition-
advance angle and mixture-enriching, can be eliminated or
can be ended after a short time. Until the time that the
reference mark is allocated and, thus, until cylinder identi-
fication, it is especially advantageous for safety measures to
be activated, and then inactivated after the cylinder identi-
fication. It is, thus, advantageous for one ignition signal to
be output in every crankshaft revolution, so that one ignition
signal then takes place during the compression stroke which
can, consequently, trigger a combustion.

BRIEF DESCRIPTION OF THE DRAWINGS

F1G. 1 shows the correlation between the camshaft and
crankshaft signal on the basis of signal patterns.

FIG. 2 shows a flow chart of a first exemplary embodi-
ment of the method according to the present invention.

FIG. 3 1llustrates a flow chart of a second exemplary
embodiment of the method according to the present inven-
tion.

FIG. 4 is a block diagram of an exemplary embodiment of
a system for carrying out a method in accordance with the
present invention.

DETAILED DESCRIPTION

FIG. 1 depicts the signal patterns from the camshaft
sensor NW and from the crankshaft sensor KW as a first and
second signal pattern for a multicylinder internal combus-
tion engine 100, as detected by a control unit 50 under
normal operational conditions. FIG. 4 shows the arrange-
ment of the engine 100, sensors NW and KW and the control
unit 50. The ignition-control signal 1 output at a first
cylinder Z1 by the control unit is shown in FIG. 1 as a third
signal pattern. All three signal patterns NW, KW and the
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2

ignition-control signal 1 are depicted over the arc of crank-
shaft rotation, the intention being to elucidate, in particular,
the range of 0° to 720° (thus, two crankshaft revolutions). As
18 generally known, the crankshaft of a four-stroke internal
combustion engine turns twice around its own axis during
one combustion cycle. Accordingly, the piston moves twice
in the direction of its top dead center and, in fact, once
during the compression stroke and, the other time, during the
exhaust stroke. To ensure proper combustion, it is important
for the spark plug ignition to take place during the com-
pression stroke and not during the exhaust stroke, since
otherwise the induction pipe would be at risk. The crank-
shaft is usually connected to a sensor wheel, which is
comprised of, for example, 60 - 2 teeth, to detect one
complete crankshaft revolution. The camshaft of an internal
combustion engine turns at half of the crankshaft speed, so

that one camshaft revolution is completed for two crankshaft

- revolutions. From this, a synchronization can easily be

performed in the normal case between the camshaft signal
NW and the crankshaft signal KW, to subsequently trigger
the ignition pulse during the correct stroke of the combus-
tion cycle. When the gap on the camshaft sensor wheel and
on the crankshaft sensor wheel are detected as being simul-
taneously present, the position of the internal combustion
engine can be identified, and the next ignition pulse can be
properly allocated to the corresponding cylinder which is in
the compression stroke.

FIG. 2 depicts a first exemplary embodiment of the
method according to the present invention for identifying
cylinders during idling operation. The signals supplied by
the sensors allocated to the sensor wheels, such as the
camshaft signal NW and the crankshaft signal KW, are
detected 1n step 5. A subsequent query 6 controls whether the
phase signal of the camshaft NW was in order. If this is the
case, i.e., if both the crankshaft signal KW as well as the
camshatt signal NW are available for outputting the ignition,
then in step 7, after the camshaft signal and the crankshaft
signal have appeared, the ignition is output during the
corresponding stroke of the combustion cycle for each
cylinder. If the response to the query 6 was negative, i.c., the
camshatt signal was missing or was incorrect, then safety
measures for an operation under emergency conditions are
initiated in step 8. These safety measures M1, M2 and M3
comprise, for example, outputting safety ignition-advance
angles for a knock control, mixture enriching, and outputting
double ignitions, i.e., an ignition pulse is released each time
before the top dead center is reached. By acquiring the
appropriate operating parameters of the internal combustion
engine, step 9 ensures that the internal combustion engine is
working in a quasi steady-state condition. Subsequently in
step 10, fixed values for the air pilot control as well as for
the 1gnition-advance angle are output for the steady-state
condition of the idling operation of the internal combustion
engine with the effect that the idling speed is slightly
increased. This is necessary to prevent the engine from
stalling when a load, such as air conditioning, is connected.
The ignition-advance angle is output so as to allow a change
1n the 1gnition-advance angle to result directly in a change in
speed. Subsequently in step 11, the ignition-advance angle
of one of the two ignitions per combustion cycle, for
example of a double 1gnition at the cylinder 1, is altered by
shifting it in the advance direction or toward a later firing
point. Query 12 subsequently evaluates irregular running
and controls whether a change in speed has occurred. An
afirmative response in query 12, i.e., that a speed change n
was determined on the basis of a change in the ignition-
advance angle in the advance direction or toward a later
firing point, leads to step 13. It is established here on the
basis of the change in speed that the ignition-advance angle
that had been altered took place during the correct stroke of
the combustion cycle, given a proper ignition. Thus, the
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ignition can be allocated to the cylinder 1, and the safety
measures introduced in step 8 for an operation under emer-
gency conditions, M1, M2 and M3, are again canceled. A
negative response to query 12, i.e., no change in engine
speed was able to be determined, leads 1n the work step 15
to the control unit recognizing that the output ignition took
place with the change in the ignition-advance angle during
the change-in-charge stroke (exhaust stroke), so that the
change in the ignition-advance angle must have remained
without consequence for the speed.

After the cylinder 1s synchronized, the next ignition is
output by the control unit during the compression stroke,
having been displaced by 360° arc of crankshait rotation.
The safety measures for an operation under emergency
conditions are canceled in a subsequent step 16. Steps 14
and 16 lead to step 17, which again controls whether the
phase signal was in order. When making the transition from
idling LL to part throttle running, the calculation is contin-
ued with the corresponding gap as a cylinder allocation,
otherwise no additional measures are carried out.

A second exemplary embodiment of cylinder allocation
shall be clarified in FIG. 3 for the idle running operation of
an internal combustion engine in the casc of a missing or
faulty phase signal. The initial part of this method is
identical to the method described in FIG. 2, so that steps 5
through 11 do not have to be explained again. Afier the
ignition-advance angle of each second ignition is changed
per crankshaft revolution in the work step 11, a work step 18
controls whether the change in the ignition-advance angle
has effected a reverse control of the air pilot control value for
the 1dling speed. If this 1s not the case, thus, the response to
the query 18 was negative, then in a subsequent step 19, the
altered ignition 1s assigned to the change-in-charge stroke,
Thus, for the next ignition, the 1ignition signal 1s displaced by
360° toward the previously changed ignition in step 20.
After allocation of the 1gnition to the corresponding siroke
of the combustion cycle, the safety measures for an opera-
tion under emergency conditions can be canceled in step 21.
An affirmative response to the query 18, i.c., that the change
in the ignition-advance angle efiected a change in the air
pilot-control value, leads to step 22, in which the ignition
with the altered i1gnition-advance angle 1s recognized as an
ignition in the compression stroke. The output 1gnition was
thus 1n order. The safety measures M1, M2 and M3 can be
canceled in step 23. Steps 21 and 23 of this method are
joined to step 24.

The ignition or the injection are now triggered by the
control unit using the ascertained cylinder allocation until
the next control-unit reset. After that, the process begins
anew, whereby in step 24, the system jumps back to the
beginning of the process.

I claim:

1. A method for identifying cylinders of an internal
combustion engine in a guasi steady-state condition of the
engine and for controlling at least one cyclically repeating
operation of the engine, comprising the steps of:

detecting an arc of a rotation of a crankshaft using a

sensor associated with the crankshaft, and generating a
first signal based thereon;

detecting a reference mark applied to the crankshaft using
the sensor, and generating a second signal based
thereon;

processing the first and second signals;

altering an 1gnition-advance angle of at least one cylinder
of the engine for a predetermined number of ignition
cycles;

detecting a change 1n a speed of rotation of the engine;
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assigning an ignition having the altered ignition-advancc
angie to a compression stroke of the at least one
cylinder;

assigning the reference mark to a reference cylinder of the
engine; and

controlling the at least one cyclically repeating operation
of the engine in accordance with the assignment of the

reference mark to the reference cylinder.

2. The method according to claim 1, wherein the quasi
steady-state condition includes idling operation of the
engine.

3. The method according to claim 1, wherein the cycli-
cally repeating operation includes at least one of ignition and
fuel 1njection processes.

4. The method according to claim 1, wherein the ignition-
advance angle 1s altered by one of shifting the ignition-
advance angle in an advance direction and shifting the
ignition-advance angle toward a later firing point in each
additional crankshait rotation.

5. The method according to claim 1, further comprising
the steps of:

maintaining the quasi steady-state condition of the engine
after the ignition-advance angle has been altered; and

assigning the ignition having the altered ignition-advance
angle to an exhaust stroke of the at least one cylinder
atter the quasi steady-state condition is maintained.

6. A method for identifying cylinders of an internal
combustion engine in a quasi steady-state condition of the
engine and for controlling at least one cyclically repeating
operation of the engine, comprising the steps of:

detecting an arc of a rotation of a crankshaft using a

sensor operatively coupled to the crankshaft, and gen-
crating a first signal based thereon;

detecting a reference mark applied to the crankshaft using
the sensor, and generating a second signal based

thereon;

providing an ignition signal as a function of the first and
second signals;

establishing an air pilot control value for the quasi steady-
state condition;

altering an 1gnition-advance angle of at least one cylinder
of the engine ifor a predetermined number of ignition
cycles;

monitoring the air pilot control value in order to detect a
change 1in the air pilot control value;

assigning an ignition having the altered ignition-advance
angic to a compression stroke of the at least one

cylinder and assigning the reference mark to a refer-
ence cylinder of the engine when the change in the air

pilot control value is detected; and

controlling the at least one cyclically repeating operation
of the engine in accordance with the assignment of the
reference mark to the reference cylinder.

7. The method according to claim 6, wherein the ignition-
advance angle is altered by one of shifting the ignition-
advance angle in an advance direction and shifting the
ignition-advance angle toward a later firing point in each

additional crankshaft rotation.
8. The method according to claim 6, further comprising

the step of:

activating safety measures until the reference mark is

assigned to the reference cylinder.
9. The method according to claim 8, wherein the safety
measures are activated by providing the ignition signai in
each revolution of the crankshaft.
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